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Abstract 
Demand for vehicles with low greenhouse gas (GHG) emissions has led automakers to 
develop various types of electric vehicles, which have low or no tailpipe emissions. The use 
of these cars in countries like Australia, where electricity generation is GHG intensive, results 
in relatively high emissions at power plants. To explore this trade-off, the present study 
compares the life-cycle GHG emissions of two functionally-similar cars, an electric vehicle 
(EV) and a conventional vehicle (CV), that are produced in Japan and used in Australia. The 
study methods are based on the life cycle assessment (LCA) technique, which estimates the 
environmental impact of a product-system throughout the life cycle. The results suggest that 
EVs and CVs have similar life-cycle GHG emissions. Compared with CVs, EVs generate 
more emissions during production, mainly due to the battery, and slightly fewer emissions 
during use. The life-cycle emissions of both vehicles are dominated by the use stage, 
suggesting that future work could focus on exploring the expected variation in the relevant 
parameters. Use-stage emissions depend mostly on uncertain parameters that are influenced 
by new automotive and energy technology, and on driving intensities and useful lives. 
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Introduction 
 
Road vehicles are the source of considerable fuel consumption and greenhouse gas (GHG) 
emissions, contributing to the global problem of climate change. In 2013, the world’s 900 
million road vehicles used over 20 million barrels of oil daily. This number of vehicles is 
predicted to increase to about 1.7 billion vehicles by 2035 [13]. In Australia, the driving of 
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road vehicles contributed about 15% of all GHG emissions. 
 
The Australian government, like many governments, has implemented policies that aim to 
reduce the fuel consumption and tailpipe GHG emissions of new cars. Interventions include a 
series of gradually-declining, voluntary targets for (a) rated fuel consumption between 1978 
and 2005, and (b) GHG emissions since 2005 [3, 9]. Such policies, together with consumer 
demand for cheap-to-run vehicles, have led automakers to develop smaller conventional 
vehicles (CVs) as well as various types of electric vehicles (EVs), especially battery-electric 
vehicles (BEVs) and hybrid-electric vehicles (HEVs). The appeal of electrification comes 
from the reduction or elimination of tailpipe emissions, and from the efficient energy 
conversion. Electric cars transfer 59%-62% of input electricity to propulsion, whereas petrol 
cars transfer only 17%-21% of the fuel to propulsion [21]. 
 
The GHG benefits of EVs over CVs arise at the site of the vehicle during the use stage of the 
life cycle. An analysis of the GHG emissions in all stages of the life cycle—resource 
extraction and processing, vehicle development and production, component and product 
transportation, vehicle use and maintenance, and vehicle end-of-life processing—for both the 
vehicle and the energy supply would help to communicate a more-complete comparison. 
Figure 1 shows the GHG emissions at each stage for a range of conventional and electric cars. 
 
 
 
Figure 1 - Life-cycle greenhouse gas emissions for various types of electric and 
conventional vehicles [8] 
 
The following observations are particularly relevant to the climate change discussion: 
 For the EVs, production-stage GHG emissions are up to double those of the CVs due 
battery production, extra powertrain complexity, and extra mass [8, 17]. Batteries 
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contribute about 10-40% of the production-stage emissions, depending on the degree of 
electrification—higher contribution for BEVs and lower contribution for HEVs [17]. 
Specifically, the emissions are due to the rare metal content, acid content, and multiple 
battery replacements during the use stage. 
 Among EVs, the use-stage GHG emissions differ greatly due to the wide range of energy 
sources used to generate electricity. Generally, electricity generated from fossil sources 
has high emissions, and electricity generated from renewable or nuclear sources has low 
emissions. By comparison, among CVs, the use-stage emissions are similar due to the 
common fossil source, extraction and refinement processes, and transportation processes 
[17]. A coal-dominant electricity mix can cause the life-cycle emissions of EVs to be 
greater than those of CVs [8, 12]. 
 The end-of-life GHG emissions are relatively small, about 2% of the life-cycle emissions 
for CVs and higher for EVs due to high toxicity of batteries [17]. 
 
Given that the GHG benefits of EVs over CVs depend on the location of use, the aim of this 
paper is to quantify the benefits or costs of EVs over CVs in Australia. Australia was chosen 
for analysis due to its coal-dominant electricity mix and due to the relative rarity of such 
comparative studies of vehicles in Australia. 
 
The next section explains the methods, tools, models, and data used. The subsequent sections 
present the model results, including a sensitivity analysis, and discuss the model’s limitations. 
The final section summarises the main findings and offers suggestions for future work. 
 
Methods 
 
The methods used in the present study are based on the life cycle assessment (LCA) technique 
[18]. LCA estimates the environmental impact of a product-system, which comprises: the 
product itself; the system that supports the product; and the systems on which the product has 
an impact. The only environmental impact considered is GHG emissions, most of which result 
from energy flows. LCA has four phases: (1) definition of goal and scope; (2) life cycle 
inventory analysis (LCI); (3) life cycle impact assessment (LCIA); and (4) life cycle 
interpretation. The rest of this paper presents the study through the framework of these phases. 
LCA calculations are performed using openLCA, a professional LCA modelling software that 
can interface with many established LCA databases [15]. 
 
Definition of goal and scope 
 
The reason for the present study is the considerable and growing contribution of road vehicles 
to climate change. Australia having a coal-dominant electricity mix means that, although EVs 
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have zero tailpipe GHG emissions, the electricity supply could be too GHG intensive to 
provide a benefit over the vehicle life cycle. 
 
The intended application of the present study is policy making. Specifically, the study tests 
the hypothesis that EVs have GHG benefits over CVs in Australia. 
 
The intended audience is government policy makers. A quantified benefit or cost would help 
with the development and prioritisation of EV policies.  
 
In LCA, studies of different products are compared on the basis of the same functional unit, a 
reference unit of the functional performance of the product. The functional unit of the present 
study is 210,000 km of driving in a car. This functional unit reflects the assumed 15-year 
useful life and the estimated 14,000-km/y travel distance of the average car in Australia [1]. 
 
The system boundary includes the processes from resource extraction to vehicle use. It is 
similar to that depicted in Figure 2, in which vehicle design and end-of-life are outside the 
boundary due to the lack of relevant data and to their GHG emissions comprising less than 
4% of the life-cycle GHG emissions [17]. The system boundary of the present study also 
includes the transport of the vehicle from the Japanese manufacturer to Australia. 
 
 
 
Figure 2 - The system boundary of the present study [17] 
 
Life cycle inventory 
 
The EV is modelled as the 2012 Nissan Leaf, and the CV is modelled as the 2014 Toyota 
Corolla. These vehicles are selected for being the most common in their class for their energy 
source. 
 
The production processes are restricted to those of the main assemblies and components. The 
gliders are similar in construction, allowing the clearer investigation of the impacts due to the 
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different powertrains [11]. 
 
Table 1 shows the data that are input into openLCA. The data are the latest available up to 
2015. As indicated, a few assemblies are excluded from the LCA because their multiple 
materials make modelling complicated and because they are similar in both vehicles, leading 
to no effect on the comparative analysis. Many minor components, such as fasteners, are 
excluded because their large number make modelling complicated. Their mass, however, is 
included as part of the other steel and plastic assemblies. The following points explain the 
data sources and model assumptions: 
 Vehicle components: Many component masses are from the manufacturers [14, 20]. The 
remaining component masses are estimated by balancing the total of all component 
masses with the published kerb masses. The EV requires two battery sets over its useful 
life.  
 Manufacturing: The vehicles are modelled using ecoinvent, a database that contains the 
material and energy flows of thousands of physical processes [6]. ecoinvent 1.4 contains 
appropriate or similar processes for most glider components but few EV powertrain 
components. The GHG emissions data for 1 kg of automotive transmission, Li-ion battery, 
and petrol engine are extracted from ecoinvent 3.1; and then used as an emissions factor 
[17]. The electric control unit is approximated as an electric scooter control unit. 
 Assembly: Assembly, mainly through electrical processes, contributes about 7% of the 
GHG production-stage emissions [17]. For each vehicle, these emissions are assumed to 
arise from 350kWh of electricity generation. ecoinvent 1.4 is missing the electricity 
generation processes in Japan, where the vehicles are produced. The electricity generation 
processes are approximated as those in Finland, which had as similar nuclear power mix 
to Japan before the 2011 Japanese tsunamis. 
 Transport: The transport distance is from Japan to Australia by sea [16]. 
 Use: Fuel consumption and GHG emissions are from the manufacturers [10] and are 
adjusted to be 15% higher, as observed for vehicles driven by Australians [2]. The driving 
cycles of both vehicles are assumed to be identical, despite the EV’s driving range being 5 
times smaller than that of the CV. 
 Energy supply: The emissions intensity of electricity is calculated as the mean of the 
emissions intensities for each Australian state and territory [5] weighted by the number of 
vehicle registrations in that state or territory [1]. 
 Maintenance: Of the life-cycle GHG emissions, the maintenance emissions are assumed to 
comprise 1% for EVs and 3% for CVs [17]. 
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Parameter Electric vehicle Conventional vehicle 
Powertrain 491 kg 229 kg 
  Battery pack 300 kg  
  Electric motor 80 kg  
  Motor control unit 20 kg  
  Regenerative braking 50 kg  
  Transmission 41 kg 75 kg 
  Petrol motor  102 kg 
  Exhaust  24 kg 
  Fuel system  18 kg 
  Clutch  10 kg 
Glider 1021 kg 1062 kg 
  Suspension 195 kg 201 kg 
  Glass 20 kg 20 kg 
  Body 520 kg 535 kg 
  Plastics (in and out) 50 kg 50 kg 
  Tyres 20 kg 20 kg 
  Seats* 63 kg 63 kg 
  Interior* 40 kg 55 kg 
  Other electrical 38 kg 43 kg 
  Steering system 20 kg 20 kg 
  Heating* 15 kg 15 kg 
  Other* 21 kg 4 kg 
Kerb mass 1493 kg 1255 kg 
Assembly electricity 350k kWh 350k kWh 
Transport  9200 km 9200 km 
Useful life 15 y 15 y 
Driving rate 14,000 km/y 14,000 km/y 
Energy consumption 0.204 kWh/km 8.165 L/100km 
Emissions intensity 0.176 CO2-eq/km 0.191 kg CO2-eq/km 
Energy supply 0.860 kg CO2-eq/kWh 2.338 kg CO2-eq/L 
Maintenance emissions 371 kg CO2-eq 1,308 kg CO2-eq 
* Excluded from the LCA model 
 
Table 1 - Data input to the life cycle assessment model 
 
Results 
 
openLCA uses the input data to calculate the physical material flows and energy flows, and 
the consequent environmental impacts. Calculations for the powertrain assemblies are based 
on the ecoinvent 3.1 database. Calculations for the remaining processes are based on the 
ecoinvent 1.4 database. Only GHG emissions are considered in the present study. 
 
Life cycle impact assessment 
 
The major contributors of the EV’s 6321 kg CO2-eq of non-use GHG emissions are the glider 
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(37%), the Li-ion battery (28%), and the electric motor (13%). The major contributors of the 
CV’s 4548 kg CO2-eq of non-use GHG emissions are the glider (53%) and the petrol motor 
(16%). 
 
Figure 3 shows the cumulative life-cycle GHG emissions of the EV and CV. In year zero, the 
plots have a value equal to the non-use GHG emissions. Thereafter, the plots increase steadily 
as the EV consumes electricity and the CV consumes petrol. In year 7, the EV plot has a 
hump due to the battery replacement. Through the 15-year useful life, the EV has caused 
slightly fewer GHG emissions than the CV; but this difference is smaller than the error arising 
from the study assumptions. So, the results suggest that the life-cycle GHG emissions of the 
two vehicles are similar. 
 
 
 
Figure 3 - Comparison of the cumulative GHG emissions of an electric vehicle and a 
conventional vehicle used in Australia. 
 
Discussion 
 
The results are consistent with those of similar studies, given explainable differences in 
assumptions and context. The present study, however, has limitations that could be addressed 
in future work. 
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Life cycle interpretation 
 
The proportions of non-use GHG emissions contributed by the major assemblies are similar to 
those calculated in previous studies [8, 11, 17]. The total non-use GHG emissions, however, 
are smaller, mainly due to the exclusion of a few assemblies, many minor components, 
component transport, and packaging materials. Some excluded components, although small, 
are made of GHG-intensive materials, such as aluminium, copper, and magnesium. Some 
mass estimates might also be inaccurate due to the limited availability of vehicle-specific 
data. 
 
Further inaccuracies arise from the modelling of the glider using European data, a necessary 
approximation due to the ecoinvent 1.4 database lacking the appropriate Japanese data. The 
impact of this approximation on the study conclusions is small, given that the vehicles have 
similar gliders and that the study is comparative. 
 
Use-stage GHG emissions accumulate at similar rates as in other Australian studies [17]. 
Australian studies report relatively high use-stage emissions for EVs due to 73% of electricity 
being generated in coal-fired power stations [7]. In the present study, the EV generates 
slightly fewer use-stage emissions than the CV but not enough to make up for the higher 
production-stage emissions, even given the relatively-long useful life of 15 year. 
 
The long useful life leads to uncertainty in many parameters. Battery technology will 
probably improve, enabling EVs’ replacement battery to have less mass, charge more 
efficiently, and last longer than the current technology; but the use of two batteries in the 
present study might be a conservative estimate, given that the average EV is currently driven 
less than 14,000 km/y. Powertrain and materials technology will also probably improve, 
enabling CVs to approach the GHG-emission targets for light vehicles [4]. The average 
driving intensity of 14,000 km/year might decrease with increasing traffic congestion, 
increasing urbanisation, and decreasing car ownership; but it might increase with urban 
expansion [19]. The Australian electricity mix will probably become less GHG-intensive in 
the coming years as more renewable generation comes online. 
 
Vehicle end-of-life, excluded from the model, provides an opportunity for a reduction in GHG 
emissions through remanufacturing and recycling. Generally, automotive recycling prevents 
the release of 50-95% of the emissions from the equivalent virgin-material production. 
 
Conclusion 
 
The present study compared the life-cycle GHG emissions of two functionally-similar cars, an 
Life-cycle greenhouse gas emissions of electric and conventional vehicles in Australia 
9 
EV and a CV, that are produced in Japan and used in Australia. The LCA technique was used, 
with only the energy and GHG-emission results being analysed. The results suggest that EVs 
and CVs have similar life-cycle GHG emissions, mainly due to Australian electricity 
generation being GHG intensive. Life-cycle emissions are dominated by the use stage, 
suggesting that future work could explore the expected variation in the associated parameters. 
Use-stage emissions depend mostly on uncertain parameters that are influenced by new 
automotive and energy technology, and on driving intensities and useful lives. A sensitivity 
analysis would help to quantify the uncertainty in the model. A detailed model that accounts 
for variations in influential parameters would help to quantify the GHG benefits and costs of 
EVs in Australia. 
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